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0 Integrated optical coupler with two inputs and 2N outputs. 



@ The acrhromatic 2x2N coupler of the invention 
comprises (a) a divider (D) by 2 of the optical power 
received at one of the two inputs (Ei .E2) and (b) two 
groups of single mode waveguides coplanar to the 
divider and symmetrical- relative -to the- axis oi sym^ 
metry (Z) of the divider (D). each group being com- 
posed of waveguide sections connected In tree and 
branch fashion by Y junctions (Ju) between one input 
junction (Ji 1 ,Ji2) connected to on e of the outputs of 



FIG.:2 



the divider and N sections of waveguide defining N 
outputs (Si to Si 6 ) of the coupler parallel to the axis 
of the divider. According to the invention, each of 
these input junctions (Ji-i,Ji 2) has a rectilinear-Jnput 
br anch (Bi ) with predetermined length such that the- 
transverse distribution of the optical power at the 
output of the riectilinear Input branch (Bi ) is centered 
to a large degree on the axis of this input branch. 

FIG.:2A 
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This invention relates to an integrated optical 
coupler with 2 inputs and 2N outputs, and In par- 
ticular to such a coupler with improved achromatlc- 
ity. 

Figure 1 of the attached drawings shows the 
layout of a coupler with two inputs Ei, E2 and 16 
outputs Si to Si 6, of a type known from French 
patent application no. 2,680.418 filed in the name 
of the Applicant (see corresponding U.S. patent no. 
5,297.233 issued on March 22. 1994, entitled "In- 
tegrated Optics Achromatic Splitter And An MXN 
Coupler Incorporating Such A Splitter")(see in par- 
ticular Figures 9 and 10 of this document). Such a 
coupler is made, for example, by ion exchange on 
a glass substrate through a mask defining the 
configuration of waveguides connecting the two 
inputs to the sixteen outputs. As described in the 
aforementioned French patent application, the cou- 
pler essentially comprises a divider D and two 
groups of waveguides, each connected to one of 
the two divider outputs. Divider D comprises an 
"X" junction of two identical rectilinear waveguides, 
single mode at the wavelength used. This junction 
is connected to inputs Ei . E2 in such a way that 
the optical power received from one of the two 
inputs is divided equally between its two output 
branches. To do this, as described in the afore- 
mentioned French patent application, the guides of 
junction D are inclined at an angle of roughly 1 • on 
axis of symmetry Z of the junction which is parallel 
to the general direction of- light-propagation, with- 
coupler.- inputs and outputs connected to the 



French patent no. 2,676,548 (corresponding to U.S. 
application serial no. 876.954 filed on May 17, 
1991) filed by this applicant, this coupler being 
characterized by the lack of deflection points on 

5 the different waveguides outside of the junctions 
themselves, a layout which ameliorates the longitu- 
dinal compactness of the coupler. 

Couplers such as the one in Figure 1 are used 
primarily in telecommunications, especially in fre- 

70 quency bands centered around 1310 nm and 1530 
nm, that Is, 1260 nm-1 360 nm and 1480 nm-1580 
nm. respectively. In these bands, then, it is impor- 
tant that division of optical power between outputs 
Si to Si 6 have as few chromaticlty flaws as possi- 

75 ble. 

Figure 3 shows attenuation of optical powers at 
various outputs Si to Sig of the coupler in Figure 
1 . compared to the optical power injected into one 
of inputs El, E2. These attenuations present them- 

20 selves in particular in the first of two frequency 
bands mentioned above (that is, 1310 t 50 nm and 
1530 ± 50 nm) as strong spectral oscillations which 
are a function of wavelength, between 0.5 and 1 dB 
inclusive, which show an achromaticity capable of 

25 having a significant effect on the uniformity of 
optical powers at the coupler outputs. Likewise 
there is considerable "noise" at the outputs of the 
second frequency band, around 1530 nm. These 
phenomena persist even if a rectilinear waveguide 

30 section, for example 1 mm long, is positioned 

_ between-divider-D- and-the-curved-parts- of- the- 

waveguides which. connect it fo Input junfctions Jn 



waveguide'brariches parallel to axis Z! 

Note that the waveguide layout shown in Figure 
1 Is very strongly distorted in a ratio of approxi- 
mately' 10; parallel' to"thls axis'"of "symmetry which" 

amplifies t he curve s in the wavegui des; this- i m- 

proves-clarity "Of the-figure-- Thusr~the~2~x— 16- 

coupler shown as an example can be formed on a 
substrate witii a transverse dimension from about 1 
to 6 mm for a longitudinal dimension L of around 
46 mm. measured between the starts of the rec- 
tilinear input and output waveguide branches; these 
Inputs and outputs having a transverse distribution 
interval of 350 micrometers. 

The two groups of coplanar single mode 
waveguides connected to the 2 outputs of divider D 
are symmetrical relative to axis Z of the divider, 
with each group being composed of waveguide 
sections connected In the manner of a tree and 
branches by junctions Jh in a Y form, between an 
input junction Jn, J21 respectively, connected to 
one of the outputs of tiie divider, and the N 
branches being rectilinear and parallel to axis Z of 
the divider, defining the N outputs Si to Sa on the 
one hand and Sg to Si c on the other hand, of the 
coupler. A 1 to N coupler with such a tree and 
branches waveguide structure is described in 



35 



"arid"Jir2^ 

This achromaticity flaw can be attributed to the 
fact that the mode profile at the output of an X 
junction-is considerably deformed;- more so than at- 
the output of a simpl e -Y-junction, and that an X- 
- junction-such as-this one Is less adiabatic- 



The object of this invention Is an integrated 
40 optical coupler with two inputs and 2N outputs 
which does not have a chromaticlty flaw like the 
one in Figure 1 . 

This object of the invention, as well as other 
objects which will be discussed in the description 
45 below, are achieved by an integrated optical cou- 
pler with 2 inputs and 2N outputs, of a type com- 
prising (a) a divider composed of an X junction of 
two identical rectilinear waveguides, single mode at 
the wavelength used, inclined one on top of the 
50 other in such a way as to equally divide between 
the two junction outputs the optical power received 
at an input of the junction, the junction having an 
axis of symmetry following the general direction of 
light propagation, and (b) two groups of single 
55 mode waveguides which are coplanar to the divider 
and symmetrical relative to the axis of symmetry of 
the divider, each group being composed of 
waveguide sections connected in tree and branch 
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fashion by Y junctions between an input junction 
connected to one of the outputs of the divider and 
N waveguide sections defining N outputs of the 
coupler parallel to the axis of the divider. According 
to the invention, each of these input junctions has a 5 
rectilinear Input branch with predetermined length 
such that transverse distribution of optical power at 
the output of the rectilinear input branch is cen- 
tered to a large degree on the axis of this input 
branch. io 

As will be shown later, this layout ensures 
better uniformity of tiie division of optical power at 
the outputs of the coupler and improves achro- 
maticlty of the latter. 

Each of the input junctions of the coupler ac- 75 
cording to the invention has two curved output 
branches symmetrical relative to a common tan- 
gent colllnear to the axis of the jnput branch and 
parallel to the axis of symmetry of the divider. 

This layout again advantageously reinforces 20 
the uniformity of division of the optical power and 
achromaticity of the coupler according to the Inven- 
tion. 

Other characteristics and advantages of the 
coupler according to the invention will be given in 25 
tiie description below and shown by the attached 
drawings in which: 

- Figure 1 is a schematic diagram of a 2 by 2N 
coupler according to the prior art already 
described in the introduction of the specifica- 30 
tlon. 

. _ pjgyre 2_is.a schematic jd lag ram of, a_2^^^^ 

coupler according to the invention, and 

- Rgures 3 and 4 are graphs of the optical 
powers at the outputs of the couplers in Fig- 35 
ures 1 and 2 respectively as a function of the 
wavelength of the light injected into these 
couplers: ~~ 

Refer to Figure 2 of the attached diagrams 
which shows by way of example a 2 by 2N coupler 40 
according to the invention. Figure 2 shows that the 
coupler according to the invention, whose repre- 
sentation is distorted like that of the coupler in 
Rgure 1 , comprises as does the latter a divider D 
and two waveguide groups whose "y" Input junc- 45 
tions J11, J12 are each connected to one of two 
outputs of divider D. The latter is entirely in confor- 
mity with the one described in connection with 
Figure 1 . The waveguide groups connected to the 
outputs of divider D are of the tree and branch type so 
such as those of the coupler in Rgure 1. 

According to the invention, input junctions Jn, 
J12 each have a rectilinear input branch of pre- 
determined length, labelled Bi for junction Ji 1 (see 
Rg. 2A, a blowup of A in Fig. 2). Junction Ji 1 also 55 
has two output branches B2. B3 which are curved 
and symmetrical relative to a common tangent T. 
As discussed earlier, junction J12 is symmetrical to 
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junction J11 and therefore we shall restrict our- 
selves to describing the latter below. 

According to one essential characteristic of the 
coupler according to the invention, the length of 
input branch Bi of junction Ji 1 is chosen so that 
the transverse distribution of the optical power at 
the output of this input branch is to a large degree 
centered on the axis of this input branch. 

It is known that In a single mode waveguide, 
the transverse distribution of optical power, or 
"mode profile" is considerably gaussian and is 
normally centered on the axis of the guide. This 
profile remains rather constant in the case of prop- 
agation In a rectilinear waveguide. On the other 
hand, It goes off-center when the guide curves, 
which favors an unequal division of the optical 
power between the two output branches of a Y 
junction. 

Returning to the coupler in Figure 1. junction 
J11 Is preceded by a strongly curved waveguide 
branch positioned between one output of divider D 
and this junction to ensure transverse deployment 
of the waveguides, as a function of their spacing 
(350 micrometers for example) and the number 2N 
of coupler outputs. This curvature causes the mode 
profile to go dramatically off-center upstream of 
junction Ji 1 , thus producing a strong dissymmetry 
of the distribution of the optical power transmitted 
to junctions Jai and J22. 

This dissymmetry is further exacerbated by 
divider D itself which. due 'tb the geometry "of the 

intersection of_its_two„constituent.waveguides,„intro- 

duces a bimodality in propagation of the light re- 
ceived from one of these single mode guides, a 
bimodality which is disadvantageous to centering of 
mode profiles wliich propagate towards junctions 
Jrr and-Ji2; ■ ■ - - — 

Aocdrdirig~to' tfie^ ihventiblir 6ne~corrects these 
off-center shifts upstream of junctions Ji 1 , Ji 2 that 
force the light to propagate in rectilinear waveguide 
branches such as the branch of input Bi of junction 
Ji 1 , these rectilinear branches serving to re-center 
favorable modes and promote restoration of single 
mode, centered propagation of light downstream of 
the junction. 

A rectilinear waveguide in fact ensures filtering 
of the transmitted light suitable for re-centering an 
off-center mode profile. Thus the off-center shift of 
the wave mode which propagates upstream of 
branch Bi progressively disappears as It pro- 
gresses in this rectilinear branch. 

Of course this branch has to be of a length 
sufficient to enable the desired re-centering to take 
place. The length of rectilinear branch Bi must 
then be chosen as a function of the desired degree 
of re-centering. As can be observed below in con- 
nection with Figure 4, by giving branch Bi a length 
of between 1 and 3 mm, the desired achromaticity, 
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linked to the uniformity of distribution of the optical 
power between the coupler outputs, is achieved. 

The achromaticity of the coupler according to 
the invention can be further improved by arranging 
tangent T common to the three branches of junc- 
tion Ji 1 so as to be parallel to axis Z of the divider. 

In fact, as described earlier, the waveguides of 
the coupler according to the invention are obtained 
in the classic manner by ion exchanges with the 
glass of the substrate through a mask. The mask is 
designed and defined on a surface cut out of 
square image elements laid out in lines parallel to 
axis Z. and in columns, when using a computer to 
do this, as is common now. If these image ele- 
ments are being used to design nonparallel junc- 
tions, as is the case for junctions Jn. J12 of the 
coupler in Figure 1. the edges of the designed 
waveguides, normally deformed by an indentation 
caused by the image elements used, have overly 
large dissymmetrical indentations which them- 
selves can introduce corresponding dissymmetries 
in propagation of light in the waveguides obtained 
from a mask such as this one. Arranging the axes 
of junctions Jn, J12 parallel to axis Z according to 
the invention ensures the symmetry of the indenta- 
tions on the edges of the waveguides of these 
junctions on the mask and thus removes one of the 
causes of distortion in distribution of the light be- 
tween the various outputs of the coupler; this is 
one of the aims of the invention. 

- - The graphs -jn^ Figure 4-are-sjmilar -to- those in-^ 
Rgure 3 and chart the progression, as a function oi^^ 
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The achromaticity flaw can then be character- 
ized by the amplitude of these spectral oscillations. 
Reduction of the amplitude of these oscillations 
obtained by using this invention is thus linked to a 
more equal division of the light in all the Y junc- 
tions of the coupler according to the invention; this 
boosts the estimation of overall quality of the cou- 
pler, evaluated based on the poorer optical perfor- 
mances observed at the outputs at all wavelengths 
of the two aforementioned frequency bands. 

These advantages are obtained at the price of 
a slight increase in length L of the component 
which ranges for example from 46 mm for the 
coupler in Figure 1 to 55 mm for the one in Rgure 
2, which is very acceptable, taking into account the 
improvement in the optical performance. 

In the diagram of the coupler in Figure 2, note 
that the waveguides spaced the farthest apart on 
axis Z have no inflection points outside of the 
junctions, in conformance with the teachings in 
aforementioned French patent 2,676,548. On the 
other hand, layout requirements may lead the de- 
signer to locally plan inflection points between 
junctions for the closest guides on this axis, as is 
the case for example between junctions Jn and 
J22 on the one hand, and J12 and J23 on the other. 

Of course, the invention is not limited to the 
embodiment described and shown which has only 
been given by way of example. Thus, the invention 
can be used advantageously in couplers with a 
-number^f outputs- other- than -1 6r f or^example 8-or- 



wavelength, of the power transmitted to each of the 
sixteen outputs^ of the coupler according to the 
invention, ^showri in Fig. 2. Jt |s immediately appar- 
ent *by"^qmparison to 3 that~ " 
the„spectraLoscillations_that:affect_achromaticity^of,i: 
the coupler in Rgure-1Hn-the-waveband-1310-t-50— 
nm have been considerably reduced in the coupler 
according to the invention. The situation is the 
same in the second waveband used in telecom- 
munications (1530 ± 50 nm), where confinement of 
output optical povyers and excellent achromaticity 
£ure observed throughout the bandwidth. . 

In this regard, it should be mentioned that, 
spectral oscillations visible in Rgure 3 in the first 
waveband are due to a flaw in separation of the 
light in one or more of the Y junctions of the 
coupler in Figure 1. Division of the light between 
the two output branches of such a junction is not 
equal then; this inequality results from an inter- 
ferometric effect at the heart of the junction, as a 
function of the wavelength. Spectral cun/es at the 
outputs of a Y junction then present sinusoidal and 
complementary paths, with the maximum light at 
one output corresponding to the minimum on an- 
other. 
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Claims 

1.~'lntegrMed optical co^^ two inputs"and 

2N outputs of the type-comprising (a) ardlyider: 



(D)-composed-of-an-"X"-Junction-of two-iden- 
tical rectilinear waveguides, single mode at the 

40 wavelength used, inclined one on top of the 

other in such a way as to equally divide be- 
tween the two junction outputs the optical pow- 
er received at an input of the junction, the 
junction having an axis of symmetry (Z) follow- 

45 ing the general direction of light propagation, 

and (b) two groups of single mode waveguides 
coplanar to divider (D) and symmetrical rela- 
tive to the axis of symmetry (Z) of divider (D), 
each group being composed of waveguide 

50 sections connected in tree and branch fashion 

by Y junctions (Jn) between an input junction 
(J11, J12) connected to one of the outputs of 
the divider and N waveguide sections defining 
N outputs (Si to S^s) of the coupler parallel to 

55 the axis of the divider, wherein each of these 

input junctions (Jn > J12) has a rectilinear input 
branch (Bi) with predetermined length such 
that transverse distribution of the optical power 
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at the output of the rectilinear input branch (Bi ) 
is centered to a large degree on the axis of 
this input branch. 

2. Coupler according to claim 1 , wherein each of s 
these input junctions (Jii,.Ji2) also has two 
output branches (B2, B3) curved symmetrically 
relative to a common tangent (T) collinear to 

the axis of the input branch and parallel to the 
axis of symmetry (Z) of the divider. 10 

3. Coupler according to either of claims 1 or 2. 
wherein N ^ 4. 

4. Coupler according to one of claims 1 through 15 
3, wherein the waveguides joining the outputs 

of input Y junctions (Jn . J12) to the waveguide 
sections defining the outputs of the coupler 
which are not adjacent to the axis of symmetry 
(Z) of the divider have no inflection points 20 
outside the junctions. 
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